Energy levels of the 1sns and 1snp states of ions along the helium isoelectronic sequence from carbon to uranium are calculated, with n = 3 -7. The computation is performed within the relativistic configurationinteraction method, including the relativistic nuclear recoil effect, the leading QED effects, and the frequency dependence of the Breit interaction. All theoretical energies are supplied with uncertainty estimates.
INTRODUCTION
Detailed knowledge of energy levels of various excited states of highly charged ions is required for modelling spectra from high-temperature astrophysical sources, tokamak and laser-produced plasmas [1] . An analysis of spectra of these ions provides important information on the electronic temperature and the ionization state of the plasma. Accurate values of wavelengths of atomic transitions and their errors are required for interpretation of a wealth of high-resolution data obtained in the last two decades by the Chandra X-ray Observatory and the ESAs X-ray Multi-Mirror Mission. The accuracy of theoretical results presently available is not fully sufficient for this task [2] .
Helium-like ions are attractive objects for theoretical investigations. Because of their simplicity, these ions can be described ab initio to very high accuracy, which is typically better than what is accessible in present-day experiments. This makes theoretical transition wavelengths of He-like ions suitable for usage as calibration references for experimental x-ray spectra of multielectron ions [3] .
Among numerous calculations of He-like ions reported in the literature, most were concerned with the ground and the first excited n = 2 states only. The most advanced of the calculations of the n ≤ 2 states were performed within ab initio QED approaches in Refs. [4] [5] [6] 25] . Higher excited states of He-like ions attracted much less attention. Up to now, the most complete and reliable theoretical energies of n > 2 states were those obtained in 1985 by Vainstein and Safronova [8] within the 1/Z-expansion method (for n ≤ 5 and Z ≤ 42). The relative accuracy of their energies was estimated to be not worse that 10 −4 , which was a significant achievement at the time but is behind the state of the art nowadays.
The goal of the present work is to perform a large-scale calculation of energy levels of the 1sns and 1snp states of ions along the helium isoelectronic sequence. Since the ground and the n = 2 excited states are well covered in the literature, we will address the states with n = 3 -7 in the present work. The summary of the previous theoretical results for the n = 1 and n = 2 states is given in supplementary material.
I. CALCULATION
Our present calculation closely follows the approach described in detail in our previous investigations performed for Li-like ions [9, 10] . We use the configuration-interaction (CI) method, in which the wave function of the atomic state Ψ(P JM ) with a definite parity P , the total angular momentum J, and the angular momentum projection M is represented as a finite sum of the configuration-state functions (CSFs) with the same P , J, and M ,
where γ r denotes the set of additional quantum numbers that determine the CSF. The linear coefficients c r in Eq. (1) and the energy of the atomic state E are obtained by solving the characteristic equation of the matrix of the Dirac-CoulombBreit (DCB) Hamiltonian H DCB , det γ r P JM |H DCB |γ s P JM − E δ rs = 0 .
The energy levels obtained from the DCB Hamiltonian are supplemented by several corrections, namely, the oneloop QED effects, the nuclear recoil effect, the frequencydependence of the Breit interaction, and higher-order QED contributions, as described in Ref. [10] . The one-loop QED effects are accounted for by the model QED operator method [11] , as implemented by the QEDMOD package [12, 13] .
The uncertainty of the obtained theoretical energies comes from two main sources: the DCB energies and the QED energy shifts, the QED uncertainty usually being the dominant one. For heavy ions, the uncertainty due to experimental values of nuclear charge radii also contributes. The uncertainty of the DCB energies was estimated by performing a series of CI calculations with 30-35 different basis sets and by analysing consecutive increments of the results as the basis set was increased in different directions. The uncertainty of the QED energy shifts was estimated by comparing the results obtained by the QEDMOD package with those from rigorous QED calculations for the n = 1 and n = 2 states [5, 6] . Basing on this comparison, we estimate the uncertainty of the QEDMOD results as (10/Z) % for the 1sns states and (5/Z) % for the 1snp states. For the fine-structure intervals, the QED corrections nearly cancel, so we assume that the QED uncertainty is negligible.
With the help of the method outlined above we obtain the total energies of the excited n ≥ 3 states of He-like ions. In order to obtain the ionization energies, we subtract from the total energies delivered by the CI method the hydrogenic 1s energies from Ref. [14] . The case of n = 2 was used as an important cross-check against more accurate full-scale QED calculations [5, 6, 25] . In order to obtain the energy differences of the excited-state levels and the ground-state 1s 2 level, we use the ground-state energies obtained by compiling results of different ab-initio QED calculations available in the literature, see supplementary material for details. For completeness, the supplementary material also contains our compilation of theoretical energies of the (1s) 2 and 1s2ℓ states of He-like ions with the nuclear charge numbers from Z = 6 till Z = 92, collected from different literature sources. Table I presents a comparison of our theoretical energies with those calculated by Vainstein and Safronova [8] . Energies relative to the ground (1s) 2 state are listed. We conclude that the results of Ref. [8] are accurate typically to 1-2 parts in 10 −5 for ions around carbon and become even more accurate for heavier ions. At the same time, we observe some systematic shifts for heavier ions, which are probably due to a difference in the ground-state energies.
II. RESULTS
In Table II we compare our theoretical energies with available experimental results. Good agreement between theory and experiment is found nearly in all cases. Generally, we conclude that the present theory is by one or two orders of magnitude more accurate than most of the experimental data available to day.
Numerical results of our calculations of energy levels of the 1sns and 1snp states of He-like ions are listed in Table IV. For each state, the ionization energy (E io ) and the energy relative to the ground (1s) 2 state (E) are supplied. For the n 3 P J states, we also provide the (J = 1)-(J = 0) and (J = 2)-(J = 1) fine-structure intervals (E fs ). For each ion, nuclear parameters used in calculations are specified. The nuclear charge root-mean-square (rms) radii R are taken from Ref. [15] and the nuclear masses M , from Ref. [16] . Theoretical energies are given with one or two uncertainties. When two uncertainties are specified, the first one is the estimate of the theoretical error, whereas the second one is due to the rms radius. When only one uncertainty is given, the second one is negligible.
In summary, we have performed relativistic calculations of the energy levels of the 1sns and 1snp excited states with n = 3 -7 for ions along the helium isoelectronic sequence. The relativistic Dirac-Coulomb-Breit energies have been obtained by the configuration-interaction method and supplemented with the QED energy shifts, relativistic recoil, and the frequency-dependent shift of the Breit interaction. The results obtained are in good agreement with previous theoretical and experimental data but significantly more accurate. (38)(2) 2440.8315 (43)(2) 7.19097 (76) 3 1 P 292.3538 (38)(2) 2441.5403 (43)(2) 4 3 S 168.2590 (62)(2) 2565.6351 (65)(2) 4 1 S 167.6295 (62)(2) 2566.2646 (65)(2) 4 3 P0 167.6255 (38)(2) 2566.2687 (43)(2) 4 3 P1 167.6582 (38)(2) 2566.2360 (43)(2) (70)(4) 2634.7761 (75)(4) 3 3 P0 325.1397 (45)(4) 2634.7776 (51)(4) (45)(4) 2643.1474 (51)(4) 8.48529 (98) 3 1 P 316.0267 (44)(4) 2643.8906 (51)(4) 4 3 S 182.1413 (69)(4) 2777.7760 (73)(4) 
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The tabulated theoretical energies are obtained as follows. For ions with Z ≤ 12, we take the results of the nonrelativistic QED calculations by Yerokhin and Pachucki [6] . Theoretical results for ions with Z > 12 are based on the calculation by Artemyev et al. [5] , with several updates. First, the oneelectron QED corrections for the 1s, 2s, and 2p j hydrogenic states used in Ref. [5] are updated according to the review [14] and more recent studies of two-loop QED effects [22, 23] . Second, the results for the nuclear recoil effect calculated by Malyshev et al. [24] supersede results of a less accurate treatment in Ref. [5] .
The comparison given in Table V demonstrates that for Z = 12, the results of two independent QED calculations of Ref. [6] and Ref. [5] are in good agreement with each other. For larger Z, the calculation by Artemyev et al. [5] is in good agreement with an independent computation by Malyshev et al. [25] .
TABLE IV: Energy levels of the n = 1 and n = 2 states of He-like ions, in Rydbergs. Eio is the ionization energy, Etot is the total binding energy, R denotes the nuclear charge root-mean-square (rms) radius, whereas M/m is the ratio of the nuclear mass to the electron mass.
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